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SPECIFIC GRAVITY AND COMPOSITION

OF POTATOES

FOR VARIOUS

PROCESSING  AND COOKING PURPOSES!
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The -optimal compositional factors
for the culinary and processing re-
quirements  of *potatoes depend in
large measure upon the manner of
processirig and the kind of processed
product involved. In general, both
the growing and the commercial
processing phases of the potato in-
dustry - have emphasized discase re-
sistance,  yicld, malurity, specific
gravily or total solids, and external
tuber characteristics. Somewhat- less
attention has.been given to the in-
ternal cheniical composition which
markedly affects the culinary and
processing quaiil{'. Of major import-
ance arc the characteristics of the
tuber that affect texture, color, and
Bavor. Obviously, one sct of attributes
will not satisly all requirements.

In the three major classes of com-
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mercially processed products-— dchy-
drated products, chips, and. French,
frics — high solids content and a dry,

.mealy texturc are desired. However,

the textural qualitics desired for other
processed potato products may not
always be obtainable with high spe-
cific gravity potatocs because high
solids content and predisposition to
heavy sloughing usually occur simul-
tancously. These qualities are unsuit-
able for products where firm picce
form is desired.

Color is also a very readily discern-
ible quality. The optimum “color (in
the United States and Canada at
least) for stcamed, hoiled, baked, or
mashed potatoes is'a creamy white.
For fried products, a light, uniform
golden crust is considercd optimum.
Off-color is usually associated with
after-cooking dar(ening of fresh
tubers or with the undesirable darken-
ing from the non-enzymatic brown-
ing (Maillard) reaction that may
occur during frying or dehydrating.
For optimum color, low ‘reducin
sugar content is dcsirable, especially
for chips and French frics.

The optimum flavor in 'a potato
product is a mild natural potato fla-
vor with no off-flavors. Certain com-
positional “factors influence natural
flavor and its retention, especially in
processed products. ‘Other factors in-
fluence the development of off-flavors
although neither phenomenon s
thoroughly understood at present.
While the assessment of oft-flavors
is mostly categorized by organoleptic
evaluation, the development of im-
proved -objective chemical . mcthods
could wel( contribute to a better



understanding of the many factors in-
volved. o
The committce has found no re-
poits of studics starting with com-
position of the raw tuber and carried
through to an extensive quality cvalu-
ation of the cooked or processed
product. However, a number of in-
vestigations have been reported con-
corning cortain factors in the raw
-product which affect sclected quality
characteristics important in cooking
or processing. Few of the articles deal
dircetly - with the subject of “opti-
mum”  characteristics, most  being
based upon an implicd desirable con-
dition or characteristic. This report
summarizes reeent work in the area.
Earlier work has been summarized in
several reviews (2, 14, 38, 43).

TEXTURE

The direct relationship between
high specific gravity and a dry, mealy
texture has reccived further confirm-
ation (27, 29, 81, 42, 52). In a com-
prehensive investigation relating com-
osition to texture, mecalincss was
ound to be positively correlated with
total solids, starch, alcohol-insoluble
solids, ralkalinity of the ash, total
potassium, and’ alcohol-insoluble po-
tassium (29). These constituents as
well- as specific gravity were also
found to be correlated with the
amount of sloughing (29, 30, 48,
51). Dccrcases in sloughing after
soaking thin slices of potato tissue in
distilled water appeared to be related
to ‘the amount of pokz\ssium, mag-
nesium, phosphorus, and citric acid
lost to the soak water (7). Phytin
appears to be a factor in the separa-
tion of cclls after cooking in old
potatocs but not in new potatocs
(46). Morc sloughing was observed
jn canned potatoes when specific
gravity was greater than 1,082 than
when it was 1.082 or less (48). The
absence of sloughing in some high
specific  gravity potatoes was  con-
sidered the result of a high nitrogen
content in the outer laycrs of tuber

- specific gravity were lighter in

tissucs (40). The nilrogen was as-
sumed to have been derived from
coagulated albumin which toughened
the outer layer of the cooked tubers.
Texture in potatoes that had been
stored was rclated to changes in in-
soluble nitrogen and the synthesis of
protein (5). A higher content of in-
soluble pectins and hemicelluloses
was found in “hard” cooking potatocs
than was found in “soft” cooking
potatoes (39).

A study of potato starch (a major
factor in textural quality) indicated
that “the fundamental properties arc
determined essentially by the size of
the (starch) granules” (9). Amylose
content and gelation temperature, so

‘jmportant to textural qualities of

rocessed products, were both direct-
y related to starch granule size.

COLOR

Potato chips from tubers of high
color
than chips from tubers of low specific
gravity (22, 33). However, high spe-
cific gravity docs mot always insure
good color in; chips (35). A possible
explanation for these conflicting find-
ings may be found in a more recent
report which indicates that the two
characters of specific gravity and chip
color rating are inhcrited  inde-
pendently (6).

Sucrose, glucose, fructose, and total
reducing substances were ncgativcly
correlated with light chip color (4,
18, 19, 21, 87, 45). Maximum glucose
concentration for good chip color was
0.2% (37). However, if more than
8% sucrosc was present, even a glu-
cosc content of %css than 0.3% was
reported to result in dark colored

“chips. The darker color of chips pre-

parcd from CIPC-treated tubers was
ascribed to the slightly higher redue-
ing su!gnr content resulting from the
lack of sprout growth (8). Reducing
sugar levels of 0.256 to 0.3% were
considered to be essential for French
fries (26).



Browning of potato chips is appar-
ently allected in some way by phos-
phorus (10, 11, 12). A Large amount
of radiophosphotus was direetly cor-
related with light color in most cases
and the chips were dark in color i

the concentration of radiophosphorus

was low. Tigh levels of potassivm
fertilization resulted in less redicing
and total sugars in the tuber and pro-
duced lighter colored chips than low
levels of potassium fertilization (12).
Potatoes fertilized  with KCI almost
always produced lighter-colored chips
than K.SO,-fertilized potatoes. Tubers
containing  high concentrations  of
manganese, zine, and copper geiferal-
Jy produced dark colored chips (19).
High tatal (Calgon-soluble plus hy-
drochloric acid-soluble) calcium con-
tent of raw tubers was correlated with
light colored-~chips and low fat ab-
sorption (35).

A positive relationship was reported
between specific gravity and  alter-
cooking darkening of Katahdin pota-
toes (32). After-cooking darkening in

steamced potatoes was associated with -
the content of chlorogenic acid (23, .

24, 25). Only small amounts were de-
tected in freshly harvested potatocs,
but steamed potatocs contained ten
times as much. Chlorogenic acid was
synthesized in tubers rapidly on the
breaking of dormancy (36) “and also
increased significantly during storage
at 40 F but not at 60 F (13). The
increase in chlorogenic acid during
cold storage was considered duc to

the_accumulation of reducing sugars. .

‘Caffeic acid disappcars when potatocs
begin to sprout (86). After-cooking
blackening was significantly correl-
ated with low levels of citric, ortho-
hosphoric, and oxalic acids (16).
his  was 'more pronounced at the
stem than at the bud end of the
tubers. Citric acid was  considered
the most important acid in preventing
blackening and chlorogenic acid the
most important in causing it (20).
.After-cooking -, discoloration  was

positively corvelated with the concen-
tration ol iron in potato tubers (17,
24, 25) and negatively  corrclated
with potassivin content *(15). Auto-
r,;tdin‘;mphs of radiniron distribution
in tubers showed that areas of high-
ost rpdioivon corrcsponded Lo areas
showing alter-cooking darkening (49,
50). The degree of discoloration was
reported to depend on water ‘and
oxygen content and to be inlensificd
by a high pIT (24). The corrclation
cocllicient for “protein  iron” was
greater than that for “frec iron” (17).
Protein froin the stem cnd contained
signilicantly more iroii than prolcin
from the bud end (17). Boron foliar
sprays inhibited after-cooking darken-
ing (34). No association -was ob-

scrved between blackening of cooked

potato tissuc and quinic acid content
(23) or “chloride " content (44) of
tuber tissuc.

No comrelations were found be-
tween the gray color in potatocs sub-
mersed in milk and thic content of
dry matter, alcohol-insoluble solids,

monosaccharides, or ~ disaccharides
(47).

FLAVOR

Specific gravity of fresh tubers had
no clfect on equilibrium moisture iso--
therms  (a measurement  useful -in°
studies of storage stability) of flakes
prepared from them (41).

Sulfhydryl groups and their role in.
natural flavor of potatocs may be in-
fluenced by potato phosphorylase
(28). Since off-flavor devclopment in
stored potato granules is related to
the degree of autoxidation of the un--
saturated fatty acids (3) and unsatur--
ated acids arc oxidized. at a more
rapid rate than saturated acids, any
increase in the content of unsaturated
fatty acids could be expected to
shorten the storage life of this type of
processcd product. Boron' foliar sprays-
increased total lipids and phospho-
lipids fn three varicties (84) and un-
saturated falty’ acids .fended to fne



crease whereas (he saturated  acids
tended to decrease, The corlex had a
higher lipid content than the center
Aissue of the tuber. Exposure to light
increased solanine content of potato

tubers and decreased cooking quality -

(1). Flavor changes during storage
were associated with variations in the
concentration of proteins .and insolu-
ble nitrogen (5).

The committee’s work for this year
points up the need for additional and
comprehensive studies to develop a
body of knowledge about the raw
product which could be used to pre-
dict the quality of the cooked or proc-
essed product. Rescarch of this type
should' yicld valuable basic informa-
tion and could be used to great ad-
vantage by the potato industry. The
committce  considers the following
“arcas particularly worthy of attention:

1. Improved accuracy in the quick
estimation of solids ecither by
specific gravity or other means.
Extensive jnvesti gations concern-
ing composition of tuber tissue
especially in relation to variety,

~ growing conditions, etc,

Breeding experiments  designed

to develop potato varictics of

different
ratios for exploratory processing
application, : :

Improving high solids varicties

to improve textural qualities of

dehydrated products, chips, and

French fries.

5. Development of *more  all-pur-
posc varicties and varictics suit-
able for more specialized pur-
poses.

6. Effect of temperature and period
of storage on changes in as-
corbic acid content, sugar com-
position, and specific gravity.

7. A survey of the potato process-
ing industry to dctermine char-
acteristics desired in the raw
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potatoes for various processed.

products and which "of theso
characteristics can be controlled

amylosc-amylopeetin -

or altered in the processing pro-
ccdurcs,

In addition there is a real nced for
more complete and more rapid ab-
stracting of forcign literature on pota-
to processing, ‘

The committee hopes that rescarch
in the future on these and related
subjects may be conducted along
much closer lines of cooperation
among potato breeders, processing
technologists, publicly supported in-
stitutions, and industry than has been
possiblo for the past several decades.
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